Under filling and folding are two major defects, resulting in defective parts at the forging stage or failure during service life. Folding may act as a potential starting point, for crack initiation and under filled components are straight way rejected, being unusable for further processing. In the present work, an effort has been made to study the quality of forged, components by variation of billet shape, size, temperature and coefficient of friction. The output parameters observed and analyzed were normal stresses, shear stresses, effective stress, effective plastic strain, effective strain rate, die wear, load and material flow rate. It was observed that, homogeneity of deformation was higher in small parts with deep die cavity, compared to big parts. Round billet shape was found to be most suitable for reducing die wear, effective strain rate and increasing material flow rate. The flash allowance of 10% was sufficient, to fill the die cavity, completely without folding when a round billet of proper size was selected. The paper gives an insight, into the generic design of the forging process, which could help in optimizing the forging process in industry.
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optimizes the metal flow rate in the forging process.
METHODOLOGY
The analysis of the forging process was carried out, through simulation in virtual environment, for three parts using data from the industry. The details of three parts are given in Table 1 . Three input parameters viz. coefficient of friction, temperature of billet and billet size, varying at three levels were designed into set of 20 simulations, using
Response Surface Method. These 20 simulations were carried out, with different billet shape and flash allowance, as given below in Table 2 . The square cross-section larger billet requires minimal force for deformation, while, and round billet of smaller cross-section requires maximum force. The minimal load dips significantly, when the volume of billet is reduced because, lesser volume of material is to be managed, by the die cavity. The dip in the values of load indicates underfilled parts. Load increases, when the temperature is low.
It can be observed that, for part 1, the under filling is obtained only, when square billet with 10% flash allowance is used. It is because; the billet material does not spread out evenly, due to the square shape. The under filling defect is indicated, by small values of effective plastic strain, high effective stress, low effective strain rate, low material flow rate and less load. There is no under filling with round billet at 10% flash allowance, most cases of defect free part are obtained, with this case.
CONCLUSIONS
Based on the simulated experimentation, the following conclusions have been made.
• The weight of the component is important in deciding the deformation energy, homogeneity of deformation and die life. More weight implies that, more energy is required for deformation.
• A uniform effective strain rate implies that, the deformation is more homogenous. The rate of the change of effective strain must be uniform. It requires a billet shape, which spreads out evenly in all directions, into the die cavity. Further, the size of cavity decides the uniformity of flow. A large size cavity will not give a uniform flow, while a medium size and small size cavities get filled up quickly, at a steady rate.
• A square billet was found to get sheared on the corners, while filling the die cavity, which increased die wear.
The round billet gave better results, because the unnecessary shearing was eliminated.
• A part with larger surface area is affected significantly, by the value of coefficient of friction, while that with a smaller surface area is affected by the temperature of billet, rather than the coefficient of friction.
• Round billet requires more time in filling up the die cavity, with high stress and strain. But, the deformation is homogenous. The die wear is also less because, the material of billet flows out uniformly in all the directions.
• Higher flash allowance increases the normal and shear stresses, during deformation.
• Large size billet fills up the die cavity quickly, with minimum die wear and less material flow rate. But, the size should be accommodated inside the die cavity, without any unnecessary shear stress, which may increase the die wear.
• The complex cavity requires more forces, for deformation with round billet than with square billet.
• For a proper die design, ISO recommended flash allowance of 10% is sufficient, to manufacture the part without any defects. A generous flash allowance increases stresses, strains, die wearing and wastes a lot of material.
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